Keywords: Migration Intra-household allocation Non-cooperative behavior I propose a model of household decision-making under asymmetric information and show that resulting allocations may not be fully cooperative. The model yields a simple test for cooperative decision-making, which I apply to data from China. I find that, when the father migrates without his family, children spend more time in household production, while mothers spend less time in both household production and income-generating activities. This is not consistent with standard cooperative models of the household: simply reallocating time to compensate for the father's absence would cause an increase in household labor for both children and mothers and, if migration occurs in response to a negative shock, we should observe an increase in mothers' time in income-generating activities rather than a reduction. The results also do not appear to be driven by an increase in mothers' bargaining power, as children's human capital is not affected by migration, controlling for income.
Introduction
Economic studies of the household have increasingly moved toward collective models in which decision-makers have heterogeneous preferences, and thus both the value and the ownership of income streams are important. When household members bargain over decisions and control over resources affects their allocation, we must consider whether and how individuals may behave strategically in order to increase their own utility. I examine an information problem that permits an individual to conceal expenditures and/or allocations from his/her spouse. This may lead to non-cooperative behavior, as intra-household allocations can only be coordinated to the extent that they can be enforced. Migration presents a clear opportunity for such behavior: the migrant has limited ability to observe expenditure and allocation decisions made by the spouse remaining at home but may also be able to conceal his own expenditures by determining the amount of money that will be remitted to the household.
The economic literature on the impact of remittances on migrantsending households (see Yang, 2011 for a survey) has largely neglected a key feature of such income: the difficulty inherent in monitoring the disbursement and allocation of remittances (for exceptions, see Ashraf et al., 2011; Chami et al., 2003; Chen, 2006) . With rising trends in both rural-urban and international migration, it is essential to understand the implications of such an information problem in order to assess the ultimate impact on origin households and communities. The existence of non-cooperative behavior among household members would suggest that expanding opportunities for migration will have different effects than simply increasing the amount of income received by the household. Non-cooperative behavior would also have important implications for policy and program design because it implies that the channel through which income is received can have important spillover effects. For example, direct subsidies are easily observed by other household members, whereas the proceeds of micro-credit enterprises could be concealed and used to finance expenditures that otherwise would not be undertaken.
I introduce asymmetric information into a model of household decision-making such that the migrant has imperfect informationspouse does not. If the migrant does have complete information about his spouse's preferences, he can design a fully incentive-compatible contract to elicit cooperative behavior, but intra-household allocations will still shift in favor of the non-migrant, who has the advantage of complete and perfect information. Data are drawn from the China Health and Nutrition Survey (CHNS). The panel aspect of these data allow me to account for both unobservable child and household fixed effects as well as time-varying local economic shocks that may be correlated with the migration decision. Because data on the migrant's remittances and private expenditures are not available, the potential for non-cooperative behavior on the part of the migrant is left to future research.
Results indicate that non-cooperative behavior, whether realized or simply invoked as a threat, affects intra-household allocations in a surprising way. Children's schooling and health exhibit no significant change with the father's migration, controlling for income. This is not consistent with a case in which migration increases mother's bargaining power, given existing evidence that mothers tend to invest more heavily in these goods. In contrast, time spent in household chores does change; girls engage in more housework while mothers reduce their time in both housework and income-generating activities. The simultaneous increase in child labor and reduction in mother's labor cannot be explained with a cooperative model of household decisionmaking: as long as fathers derive (weakly) greater disutility from child labor than from mothers' labor, their absence from the household should not lead to an increase in child labor without an accompanying increase in mother's household labor. Moreover, this pattern is not evident among households in which the migrant happens to be home at the time of the survey, which suggests that it is the physical absence of the father -and not self-selection into migration -that is driving the results.
The following section presents a framework for modeling the effect of migration on intra-household allocation and compares equilibria with and without asymmetric information. Section 3 describes the key empirical distinctions between cooperative and non-cooperative formulations of the model and shows that the data are inconsistent with standard cooperative models of the household. Several robustness checks are provided in Section 4 to ensure that the results are not driven by the assumptions of the model or the limitations of the empirical strategy, and Section 5 concludes.
Migration with asymmetric information
Migration introduces imperfect information, increasing transaction costs associated with enforcing cooperative bargaining agreements. In some cases, the cooperative outcome may become unsustainable, as evidenced by a growing body of literature. Dubois and Ligon (2004) find that, where there is asymmetric information about activities, the allocation of calories among household members is used both to create incentives for individuals and as a form of investment. Ashraf (2009) finds that, in an experimental setting, spouses attempt to conceal expenditures from each other when presented with the opportunity, and de Laat (2005) finds that migrants living in Nairobi invest in costly monitoring technologies to mitigate moral hazard on the part of their spouses in rural villages. Recent work by Ashraf et al. (2011) and Chin et al. (2011) suggest that migrants are concerned about the degree of control they possess over remittances, providing indirect evidence of information asymmetries and non-cooperation. Improving migrants' control (reducing the potential for non-cooperative behavior) is found to increase savings and income, suggesting improvements in both static and dynamic efficiency. Lundberg and Pollak (1993) provide the first theoretical framework for non-cooperative behavior within marriage. In a non-cooperative equilibrium, individuals do not coordinate their actions or pool their resources. Rather, each spouse maximizes his/her own welfare, given the behavior of his/her spouse. Warr, 1983 and Bergstrom et al., 1986 show that, when all players make strictly positive contributions, control over resources will not affect provision of the public good or the equilibrium utilities of the individuals, even if the individuals do not coordinate. However, if the provision of household public goods is organized along "separate spheres", as in Lundberg and Pollak (1993) , such that at least one spouse makes zero contributions to some public good, control over resources and the degree of cooperation will affect the equilibrium outcome.
1 Migration gives the non-migrant spouse de facto control over the provision of all household public goods, essentially forcing allocations into separate spheres.
Here, intra-household allocation is modeled as a contracting problem, allowing for both incomplete and imperfect information. Note that, although cooperative equilibria exist, the model is non-cooperative in nature. Because the CHNS provides data only on sending households, I consider only imperfect monitoring of the non-migrant's actions. A more complete dynamic model in which wives update beliefs about husbands' wage realizations is left to future research.
Description of game
Consider a household with two adults, a migrant (m) and a non-migrant (n), and one child (k). Adults may engage in wage and household labor, while children engage only in household labor. Each adult has preferences over own private consumption (x i ), own labor (t i ), child labor (t k ) and child quality (z). For ease of notation, I allow time spent in productive activities (wage and household) to provide some disutility, rather than specifying a utility of leisure.
Note that, for simplicity, I have assumed that neither the migrant nor the non-migrant cares about the labor hours of his/her spouse. However, the theoretical implications discussed below will hold as long as each adult cares more about the child's labor than about his/ her spouse's labor.
2 Child quality is produced with a household good (y), and child labor detracts from child quality.
The household good, in turn, is produced with child and adult household labor according to person-specific productivities (τ)
For simplicity, we can then rewrite the production function for child quality as
Note, however, that ∂ z/∂ t k is not strictly the marginal product of child labor for child quality; rather, it reflects both the negative effect of own labor on child quality and the offsetting positive effect via production of the household good. To close the model, I assume that total private consumption must be equal to total earnings
1 This holds as long as spouses face different implicit prices, even if both make positive contributions. 2 This assumption has strong foundations in Hamilton's (1964) rule, which suggests that altruism is a function of genetic preservation. Because parents and children share a large amount of genetic material while spouses share none, each parent should be willing to sacrifice his/her spouse for their shared child, in order to preserve a greater proportion of the parent's own genetic material. See Cox (2007) for additional discussion of Hamilton's rule in economic models of the household.
In the event of migration, allocations move into separate spheres. The migrant can contract with his spouse for a set of allocations to be implemented in his absence, but he may only be able to imperfectly monitor her actions. The contract also stipulates a transfer (s) to be made to the wife upon the migrant's return, and the value of this transfer may be contingent upon the outcome of a monitoring process.
Definition. The non-migrant's action space includes own private consumption x n ∈ [0, w n t n w ] (equivalently, own market labor t n w ∈ [0,T]), own household labor, t n h ∈ [0,T] and the child's household labor, Transfers from the migrant to his spouse are bounded from below by zero, analogous to a participation constraint. Because the migrant cannot contribute to household production, a contract specifying t n h and t k also implicitly specifies y (the public good) and therefore z (child quality) as well. Note that, unlike the classic principal-agent model, here the migrant has preferences over both the outcome and the inputs to production. Therefore, he cannot simply "sell" the production of child quality to his spouse; he must also stipulate and monitor the household labor of both mother and child.
The migrant's strategy consists of a contingent contract, and the non-migrant's strategies are to either play cooperate and choose the contracted allocations or disregard the contract and play don't cooperate. The game then proceeds as follows. First, player m, the migrant, offers a contingent contract to his spouse, player n, that specifies all intra-household allocations and the transfer the non-migrant spouse will receive contingent on the outcome of the monitoring process. Both players then choose the allocations associated with their respective spheres. Player n's choices are monitored, and a transfer is made from player m to player n contingent on the outcome. I assume that player m's actions are perfectly monitored by player n and that player m cannot renege on the contract.
3 If player n plays cooperate, the contracted allocations are revealed with probability one; otherwise, monitoring reveals player n's actions with probability 0 ≤ q ≤ 1 and the contracted allocations with probability (1− q). The probability of detection (q) depends on the actions of both players as well as an exogenous parameter ω q , and both players have complete information regarding the structure of this q-function (see Technical appendix for complete definition). Given concavity of the utility function and convexity in the probability of detection (q), there exists a unique best response associated with don't cooperate for each value of ω q and thus a unique value of q. Payoffs are
otherwise, where q* is the probability of detection associated with player n's best response. For simplicity, I have assumed that the migrant's payoff is dependent on the allocations that are chosen in equilibrium, irrespective of the outcome of monitoring. Allowing the migrant's payoff to depend on the outcome of monitoring (i.e., when monitoring does not reveal non-cooperative behavior, the migrant believes that the contracted allocations have been chosen and, therefore, receives a payoff consistent with cooperative behavior) will increase the range of parameter values over which non-cooperative behavior may occur in equilibrium, since the contracted allocations always provide the migrant with greater utility than the non-cooperative allocations.
Asymmetric information
I now consider the case of imperfect information, in which the migrant is unable to perfectly observe the actions of his spouse. Additionally, he may have incomplete information about her preferences. Specifically, suppose player n may be one of two types, A and B, drawn exogenously with probability p and (1 -p), respectively, with p taken as fixed. Type A has payoffs as defined above, but Type B incurs a fixed cost (c) when she chooses to play don't cooperate.
4 Payoffs for player n are thus
when playing cooperate, and
when playing don't cooperate. When both types play the same strategy, player m's payoffs are as defined above, otherwise player m's expected payoff is Proposition 1. For ω q ≥ ω q , the allocations that would be obtained with perfect monitoring are feasible and will be obtained in equilibrium.
For ω q -≤ ω q b ω q , the equilibrium payoff for player n is weakly greater than the payoff she would obtain under perfect monitoring and conversely for player m; however, whether or not the contracted allocations are obtained in equilibrium depends on the probability that player n is type A. For ω q b ω q --, the non-pooling allocations will prevail. That is, the migrant and his spouse will not pool resources, but the resultant allocations are equivalent to the contracted allocations. For ω q --′≤ω q b ω q -, the contracted allocations will be chosen in equilibrium by type B but not by type A and, for ω q --≤ ω q b ω q ′ , the non-pooling allocations will also prevail, where the cutoff point ω q ′ depends on the value of p.
Proof. When the probability of detection is very high, even small deviations from the cooperative allocations will be discovered, so player n cannot increase her utility by deviating from the contracted allocations. Thus, for ω q ≥ ω q , the optimal actions associated with player n's don't cooperate strategy are equivalent to the actions associated with cooperate, and the fully cooperative allocations (i.e., the allocations that would be obtained under perfect monitoring), denoted {t n w* , z*, t n h* , t k *, t m w* , s*}, can be enforced even when monitoring is imperfect. Furthermore, because these are the allocations that would be obtained when q =1, the value of q ⁎ associated with ω q must be strictly less than one. And, with a fixed cost for type B, whenever type A finds it optimal to play cooperate, type B will also find it optimal to play cooperate.
For ω q bω q , the fully cooperative allocations cannot be enforced because the payoff to don't cooperate exceeds the payoff to cooperate for both possible types of player n. The migrant can incentivize both types to behave cooperatively, i.e. choose the contracted allocations, by offering a contract that provides type A with higher utility than playing don't cooperate and thus also higher utility than she would obtain under perfect monitoring. This contract will be determined as follows: 
The migrant is willing to do this as long as he can extract some of the gains from cooperation,
where ′ denotes the non-pooling allocations, i.e. the allocations that would be chosen if each individual maximized his/her own utility, taking the other player's actions and q = 1 as given. The right-hand side of the former inequality is inversely related to ω q ; the payoff to don't cooperate increases for player n as ω q decreases and thus the migrant must offer increasingly more favorable contracts to induce cooperation. Alternatively, the migrant can offer a contract that induces cooperation only from type B. This will be optimal if the probability of type A is sufficiently low (see Condition 1, Technical appendix). In this case, player m offers a contract that cannot always be enforced. This contract provides type B with weakly higher utility than she would obtain under perfect monitoring. 5 Type A also receives higher utility because, for a given contract, payoffs for type A are always weakly greater than for type B. However, if ω q falls below some minimum threshold ω q --, the only contracts that induce either type of player n to choose the contracted allocations provide player m with less utility than the fully noncooperative allocations, and thus the optimal contract is {t n h ′, t k ′, s′, s′}.
Resources will not be pooled, but the contracted allocations will be chosen by both types of player n in equilibrium. Since the migrant knows with certainty the allocations that his spouse will choose in equilibrium, he offers s′ irrespective of the outcome of monitoring. And, because type A receives a weakly higher payoff from playing don't cooperate than type B, it must be the case that ω q
That is, the contract that induces type A to cooperate when ω q ¼ ω q -will induce type B to cooperate for
, there exists a contract that induces type B to cooperate and, conditional on player n being type B, yields higher utility for player m than the fully non-cooperative allocations. And, for a fixed value of p, there exists a cutoff point ω q --′ at which it becomes optimal for the migrant to offer a contract specifying the fully non-cooperative allocations rather than a contract that is incentive-compatible only for type B (see Condition 2, Technical appendix). Again, when the probability that player n is type A is sufficiently small, the contracted allocations will not always be chosen in equilibrium. □ When the probability of a type A spouse is sufficiently low, the migrant offers contracts that are not always incentive compatible, and non-cooperative behavior may occur in equilibrium.
The case of complete but imperfect information is nested within this framework. In this case, p = 1 and the migrant can always design fully incentive-compatible contracts, even though resources are not always pooled. However, even when the equilibrium is cooperative, there is still a difference between the contracted allocations and those that would be obtained under perfect information, and this difference provides an indication of the extent of the incentive problem. And, from Proposition 1, we can gain additional insight into exactly how the pattern of intra-household allocation will change once imperfect monitoring is introduced.
≤ω q bω q , the optimal contract offered by player m is such that t n h c ≤ t n h *, t k c ≥ t k *, s c ≥ s *, with at least one strict inequality.
That is, player n is allowed to reduce her own household labor and increase child labor, as well as receive a larger transfer, relative to the case of perfect monitoring.
Proof. See Technical appendix, Part B. □
Extensions
A variety of extensions to the above model will be discussed briefly here, with more rigorous treatment left to future research. First, allowing the migrant to offer a menu of contracts to his spouse does not affect the main results. The assumption that payoffs for types A and B differ only by a fixed cost associated with non-cooperative behavior ensures that any contract that induces type A to cooperate will also induce type B to cooperate and, because the payoffs are identical for types A and B conditional on playing cooperate, both types will have identical preferences for any such contracts. If, however, both players are risk averse, the migrant can induce type A and B to separate by offering one contract that induces cooperation only from type B and a second contract that is identical but has a smaller spread between s c and s nc . Type A will prefer the second contract, but non-cooperative behavior will still be her dominant strategy. If only one player is risk averse, a separating equilibrium can still occur with the risk-averse player paying a premium to reduce the spread between s c and s nc . The ability to offer a menu of contracts can increase the payoff for the migrant provided that at least one player is risk-averse, but it does not eliminate the range of parameter values for which non-cooperative behavior can occur in equilibrium.
Introducing heterogeneity in a different form will not affect the main results provided that the payoff to playing don't cooperate is always weakly greater for type A. As long as this assumption holds, the migrant cannot utilize separate contracts to simultaneously induce cooperation from both types, and thus non-cooperative behavior will occur in equilibrium for certain parameter values. For example, heterogeneity could be characterized as differences in the efficacy of the monitoring technology -the wife may be "good" or "bad" at hiding allocations from her spouse, or the husband may enlist members of his social network to monitor his spouse's actions without knowing ex ante whether they are "good" or "bad" monitors -without eliminating the range of parameter values for which non-cooperative behavior will occur in equilibrium. Alternatively, if types A and B have different preferences such that don't cooperate is, under some contracts, a dominant strategy for type B but not for type A (e.g., type B has stronger preferences for the household public good and is willing to trade a smaller amount of child labor for a large reduction in private consumption), there can exist a separating equilibrium in which both types cooperate but under different contracts. However, this type of heterogeneity likely would have been observed prior to migration such that the migrant would not have any uncertainty about his spouse's type.
Extending the game to multiple periods will provide the migrant with more latitude in designing incentive-compatible contracts to 5 For ωq ′≤ωqbωq where ωq ′ is the value of ω q at which type B is just indifferent between the cooperate and don't cooperate strategies, the probability of detection is sufficiently high that type B cannot increase her own utility by deviating from the cooperative allocations. That is, she will find it optimal to cooperate when offered a contract that specifies the fully cooperative allocations and a zero transfer conditional upon discovery of non-cooperative behavior. elicit cooperative behavior. If migration occurs over multiple periods, the migrant may be willing to accept a lower payoff in the first period in order to implement contracts that will enable him to separate types A and B. An infinitely repeated version of the above stage game would be a better framework for describing intra-household allocation, as spouses typically interact over long periods of time and external enforcement of contracts is often infeasible. With multiple periods, the migrant would be able to impose more stringent punishments when non-cooperative behavior is detected, and non-cooperative behavior could only occur in equilibrium if such punishments have some lower bound, e.g. as imposed by social norms. A dynamic model would also raise issues related to limited commitment, as in Ligon (2002), such that the wife cannot commit to cooperate in subsequent periods when facing multiple periods of punishment for prior non-cooperative behavior.
Testing for asymmetric information
In the presence of asymmetric information, the non-migrant spouse will be able to decrease her own household labor and increase child labor, even if allocations are fully cooperative. However, migration affects the household in several ways, in addition to introducing asymmetric information. There is a reduction in the amount of time available for household production, a change in father's wages and, potentially, a change in the distribution of bargaining power between spouses. The appropriate counterfactual for identifying non-cooperative behavior is, then, the set of allocations that would be chosen, conditional on these changes, if spouses could costlessly commit to cooperation. Using the framework outlined in the previous section, note that, for ω q sufficiently high, the game can be treated as one of perfect information. That is, for ω q ≥ω q , the probability of detection is equal to one for all actions taken by either player; the migrant can perfectly observe any deviations from the contract, irrespective of the specific values stipulated by the contract. If the migrant also has complete information about his wife's preferences, the game is equivalent to a standard collective, and cooperative, model of the household in which the couple jointly maximizes a weighted sum of their utility functions λU m x m ; z; t m ; t k ð Þ þ1−λ ð ÞU n x n ; z; t n ; t k ð Þ ;
and the bargaining weights (λ,1− λ) are a function of the individuals' threat points (the maximum utility he/she could expect to attain in the absence of a cooperative agreement; see Lundberg and Pollak, 1993; Manser and Brown, 1980; McElroy and Horney, 1981) . Under full information, comparative statics (see Technical appendix, Part A) indicate the following: A reduction in father's household labor, holding income constant, reduces mother's time in income-generating activities, increases her time in household production and has an ambiguous effect on child labor. This is because, for a compensated increase in wages, fathers increase market labor supply and reduce household labor supply. With a utility function concave in x and z, total household utility can be increased by reallocating mother's labor from the wage sector to the household. The effect on child labor is ambiguous because an increase in child labor has both a direct negative effect on parents' utility and an indirect positive effect through the increase in y. An increase in father's wages, holding his household labor fixed, will also lead to a reduction in mother's work hours and increase in her household work. That is, mothers will shift time from market to household work because fathers are able to purchase a larger quantity of private goods with the same quantity of market labor hours. Conversely, the same increase in father's wages will unambiguously reduce child labor, as long as child leisure is normal good. In both cases, the net effect on mothers' leisure will depend on the elasticity of substitution between public and private goods. Finally, an increase in father's bargaining power, holding his wage and household labor fixed, reduces child labor and causes mothers to shift time away from income-generating activities into household production. Note that, because child labor enters each parent's utility function directly, the reduction in time available for household production will generate an increase in child labor if, and only if, it is accompanied by an increase in mothers' household labor. Thus, a reduction in mother's household labor coupled with an increase in child labor can only be consistent with a cooperative model of the household if migration is associated with lower income and/or greater bargaining power for mothers. Migration can increase the mother's bargaining power if her threat point is defined by a non-cooperative outcome within marriage because, while away, husbands must rely on their wives for provision of child quality. Alternatively, if migration occurs in response to a negative shock, father's wages may be lower during the migration episode, even though migration leads to higher wages compared to the counterfactual of not migrating. In the absence of saving/borrowing, the household may also have to absorb some fixed costs associated with migration, necessitating a reallocation of time among mothers and children. Zhao (1999) computes the average explicit costs of migration in 1995 as 721.7 yuan, based on a survey of migrant workers conducted by China's Ministry of Labor.
6 This is equivalent to roughly 6.5% of average nominal household income for CHNS households in 1997 and 12.5% of average nominal household income in 1993. However, in all cases, we should also observe an increase in mother's time in income-generating activities (see Technical appendix, Part A). And, in the case of an increase in mothers' bargaining power, we should also observe increased consumption of other goods favored by the mother, such as children's human capital.
7 Qian (2008) finds that, among farm households in China, an exogenous increase in the share of female income has a significant positive effect on educational attainment for all children, whereas increasing the share of male income reduces educational attainment for girls. Chen (2012) finds that girls' school enrollment increases relative to boys' when mothers have increased bargaining power, and Duflo (2003) and Thomas (1990) find that an increase in female income improves health outcomes for all children, with a disproportionate effect on girls. 8 In contrast, the non-cooperative model indicates that allocations chosen by the mother will be constrained by the probability that her actions are detected. Thus, because changes in human capital are easy to detect, the mother will not alter her overall consumption of these goods, even though doing so would increase her utility (but not her expected payoff).
Data and empirical specification
Data are drawn from the China Health and Nutrition Survey (CHNS), which includes roughly 4000 households (15,000 individuals), drawn from nine diverse provinces. The sample of interest is 6 Includes average transportation costs of 498.6 yuan, and registration fees (obtaining various certificates and cards) of 223.1 yuan.
7 These two claims are not inconsistent; they simply imply that, while mothers have higher disutility for own labor than for child labor, they are still willing to substitute own consumption of market goods for investments in children's human capital. 8 While it remains unclear whether these findings are indicative of preferences for children's human capital per se (e.g., because children's human capital also serves as an investment and women typically have longer horizons), we can conclude that, when given the opportunity, and where saving and retirement options are limited, women prefer to spend more on children's human capital.
households with at least one child between the ages of 6 and 16 in which both spouses are typically co-resident. Households were first surveyed in 1989, with follow-ups in 1991, 1993, 1997 and 2000 . The timing of the survey is well-suited for the study of migration, as the 1990s were a period of rapid growth in intra-national labor migration. Using population surveys, Liang and Ma (2004) find that the number of inter-county migrants in China increased from 20 million in 1990 to 45 million in 1995 and 79 million in 2000. This was, in large part, due to a relaxation of migration restrictions in 1988, which allowed individuals to obtain legal temporary residence in other localities. Increased openness and marketization in the 1990s also spurred economic growth, which increased the demand for construction and service workers in urban areas (de Brauw and Giles, 2006) . Migrants are defined as individuals living away from the household for at least one full month during the previous year. The sample of migrant-sending households is further limited to those in which the father was away for all seven days in the week prior to enumeration, because most outcomes of interest are defined over the previous week. Descriptive statistics are presented in Tables 1 through 3 , with observations at the person-year or household-year level. Differences in observable characteristics between migrant and non-migrant households are minor, both prior to and during the migration episode. Note that we do not observe all migrant households prior to migration because some episodes occur in the first survey for the household (1989 or 1997/2000 for newly added households), and roughly half of the migrant sample reports being away in multiple surveys but only one "pre" period is included. Daughters in migrant households are somewhat more likely to be enrolled in school and have slightly lower calorie and protein intake. The migrants themselves appear to be somewhat positively selected on schooling, as are their spouses, although this may reflect increasing migration rates among younger cohorts. And, as would be expected, migrant households have higher household income and wages but hold less value in productive assets, on average. Interestingly, fathers are less likely to be engaged in household chores prior to migration, while mothers are more likely to be buying and preparing food when the father is absent. Attrition at the household level is less than 5% between waves, and new households were added in 1997 and 2000, to replace both households and communities no longer participating. Raw attrition rates for individuals are somewhat higher, and notably more so for those in migrant households; roughly 8% of children in non-migrant households attrite in the following wave, compared to 18% of those in migrant households. However, controlling for observable characteristics (age; sex; parents' ages, schooling and wages; household size; value of assets owned; adjusted per capita household income; survey month and year) as well as unobserved community-year fixed effects, neither migration nor the duration of migration episodes exhibits a statistically significant relationship with attrition in the following wave (see Table A1 ).
I first estimate reduced-form demand equations for household labor. For individual i in household j in community k at time t, the demand for labor in activity y can be expressed as
where ξ ijkt = υ ijk + η kt + ε ijkt . The error term consists of three components -a person-specific effect that is fixed over time (υ), a community-level effect that varies across periods (η), and a mean-zero i.i.d. disturbance (ε). h is a vector of time-varying household characteristics, c is a vector of individual covariates, and π is a period effect. Migration is also allowed to affect boys and girls differentially, with δ = δ 0 +(Girl ijk * δ g ) and ρ = ρ 0 +(Girl ijk * ρ g ). The panel nature of the data allows for inclusion of individual and community-year fixed effects to account for unobserved time-invariant characteristics of the household and/or child as well as unmeasured local economic shocks that may influence the migration decision. Additional control variables include a quadratic in age, parents' ages (for child-level regressions), parents' wages, 9 assets owned (farm land, farming equipment, value of small business capital and area of owned home), 10 household size, number of children (number of siblings for child-level regressions), the sex composition of children (siblings), as well as month of survey. Parents' schooling attainment changes very little over time and is therefore subsumed into the fixed effect. A quadratic in the months the father is away is included because the allocation of household labor may require some time to adjust. For example, where learning is required, there may be fixed costs involved with reallocating labor. Second, the wage variables reflect labor market opportunities available at the time of the survey. If migrants earn higher wages only while living away from home, including higher-order measures of the duration of migration episodes will better control for changes in total household income. Additionally, the duration of the migration episode may affect the scope for or cost of monitoring. Table 4 presents the child-fixed effects estimates of the effect of migration on the probability of doing household chores (purchasing food, preparing food, or doing laundry) for children aged 6 to 16. Unfortunately, more detailed data on the amount of time spent on each household chore was collected inconsistently across waves and thus cannot be used in this analysis. For laundry and food preparation, the "level" effect of having a migrant father is positive, but the length of time the father is away has the opposite effect. That is, when the father initially leaves the household, children must take on more chores. When the father remains away for a longer period of time, they are relieved of some of these tasks as total demand for household production falls. However, relative effects for girls are opposite in sign; girls are initially less likely to do chores when the father is away but, if the father is away for at least four months, the probability of doing chores is significantly greater for girls with migrant fathers than for boys. Point estimates are significant only for girls' laundry (see also Chen, 2006) but are quite large in magnitude -if the father is away for six months, the probability that daughters do laundry is 15.6 percentage points higher, compared to the baseline in which approximately 18.7% of girls do laundry. I also find positive and significant marginal effects for boys in food purchase, although the estimated coefficients are not statistically significant. Again, the marginal effects are quite large -an increase of 5.8 percentage points compared to the baseline in which only 2.4% of boys report buying food for the household.
Main results
Additionally, I look at the probability that children engage in "other" work (gardening, household farming, livestock care, fishing, handicrafts), to check for offsetting changes in time allocation (Table 4 , Column IV). None of the coefficients in this specification are statistically significant, although they are opposite in sign to those for girls' laundry and boys' food purchase, exactly the chores 9 Wages for migrants are reported by spouses and may, therefore, reflect noncooperative behavior on the part of the migrant in the form of hidden income. In this case, the empirical specification estimates the net effect of asymmetric information, including both proactive and reactive non-cooperative behavior on the part of the nonmigrant. 10 Although individual-level fixed effects (mother-level fixed effects, in the case of mothers' outcomes) are included, asset holdings may still be endogenous if they reflect a response to household-specific, time-varying shocks. Using the lagged value of the asset variables does not affect the main results (not reported). for which significant increases are evident. And marginal effects are significant at the 10% level when the father is away for at least ten months. However, the largest marginal effects for laundry and food purchase are observed for shorter migration episodes, around six months; changes in other work activities do not appear to coincide with or fully offset changes in household chores. Of course, with such coarse measures of time allocation, it is difficult to rule out offsetting changes in time allocation on intensive margins; I return to this issue in Section 4. Table 5 presents estimates of the effect of migration on mothers' time allocation (see also Chen, 2006) . The probability that mothers do each chore initially increases when the father is away but is decreasing in the number of months away. The effect of months away dominates the "level" effect of migration once the father is away for at least three months. Point estimates are statistically significant for laundry and food preparation, although the marginal effects are relatively small, given that 90% of mothers report doing these tasks. Estimates for mothers' total hours in income-generating activities (wage labor plus "other" non-wage activities such as gardening, household farming, livestock care, fishing, or handicrafts) are similar in sign and significance. Migration of the father initially increases mothers' work hours, but months away has an offsetting effect that again dominates once the father has been away for at least three months. Although the marginal effects are imprecise, they point to as much as a 10% reduction in mothers' work hours.
Taken together, the estimates in Table 5 clearly indicate that, for sufficiently long migration episodes, mothers reduce their time in both household chores and income-generating activities. An increase in mother's leisure, by itself, is not inconsistent with migration in a cooperative household, as leisure is a normal good. Migration may also reduce total demand for household production, reducing demand for mothers' time. However, the reduction in mother's labor hours combined with an increase in child labor hours is not consistent with migration in a cooperative model of the household. Moreover, because mothers reduce time in both chores and income-generating activities, the net reduction in their labor hours is almost certainly greater than that for children, even if the increase in children's chores is offset by a reduction in income-generating activities.
First, if migration reduces demand for household production, then both mothers and children should experience a reduction in household labor. Second, if household income is lower during the migration episode (e.g., due to an adverse shock), mothers should increase time in income-generating activities as they shift responsibility for household chores to their children. Alternatively, if migration increases income, it becomes possible to increase mother's household labor while reducing child labor and increasing or maintaining household production as well as mother's utility (via a reduction in market labor hours and/or increase in private consumption). As long as fathers receive greater disutility from child labor than from mothers' labor, a cooperative allocation would not include an increase in child labor without a simultaneous increase in mother's household labor, even when mothers enjoy an increase in leisure.
An increase in mother's bargaining power is also inconsistent with the estimated changes in time allocation, as greater bargaining power would cause the mother to shift time away from household production and into income-generating activities, not to reduce time in both. Additionally, we can look at other goods for which mothers may have stronger preferences: child schooling and health. The "level" effect of migration on school enrollment is positive and statistically significant, but the effect of months away is negative and significant (Table 6 , column I). Relative effects for girls are opposite in sign and not statistically significant. Overall, marginal effects are very small in magnitude, given that well over 80% of children in this age group are enrolled in school, and generally negative. This may be indicative of learning or network effects; as the father spends more time as a migrant worker, his children receive new information about earnings and work opportunities and/or gain access to denser social networks that aid in the job search process (see de Brauw and Giles, 2006) .
Migration is also found to have no statistically significant effects on children's body mass (Table 6 , column II), and the marginal effects are again very small: for a 4-foot tall child with BMI in the normal range (approximately 60 lbs), a half point change in BMI is equivalent to change in weight of approximately 1.5 lbs. Recall that controls for wages are included, so the coefficients should be interpreted as effects of migration net of income effects. Given findings in other studies, the observed stability in child health and perhaps modest decline in school enrollment are not consistent with a model in which mothers' bargaining power increases when fathers migrate. Of course, it is difficult to rule out the possibility that this is a full-information environment and, as part of the migration bargain, mothers simply negotiate to shift household chores from themselves to their children. However, given that migration has essentially no effect on child health and schooling, this could only be the case if, for mothers, the marginal utility of child health and schooling and the marginal disutility of child labor are very low relative to the marginal utility of own leisure.
Robustness and extensions
The results presented above cannot be explained by standard cooperative models of the household. Non-migrant spouses reduce own labor hours and increase child labor, and this cannot be attributed to an increase in mother's bargaining power because child schooling and health, goods found to be preferred by mothers, do not increase with migration, conditional on income. Nor can the results be explained by a negative income shock precipitating migration, as this would prompt an increase in mothers' income-generating activities, not a reduction. The observed pattern is, however, consistent with the non-cooperative model described in Section 2. In an environment of asymmetric information, migration causes allocations to shift in favor of the non-migrant spouse, irrespective of whether the equilibrium is cooperative or non-cooperative, and a reduction (increase) in own (child) labor is consistent with the non-migrant's preferences. In this section, I provide checks on the robustness of the results and their interpretation and investigate alternate explanations for the observed changes in time allocation.
Extensive versus intensive margin
Because migration affects time allocation differentially across tasks, it is difficult to conclude, based solely on evidence from extensive margins, that children's (mothers') labor hours have increased (decreased) on the whole. In the absence of reliable data on time allocation, we can, instead, examine data on nutritional intake, as a proxy for energy expenditure. That is, an increase in the time devoted to household activities (provided they require some physical exertion) should be accompanied by either an increase in nutritional intake or a reduction in body mass (Foster and Rosenzweig, 1994) . Recall, from Table 6 , that migration has no significant effect on children's BMI, with the exception of a modest decline for boys facing long (10 months) migration episodes. Changes in activities should, therefore, be evident in nutritional intake. Table 7 presents estimates of the effect of migration on children's calorie and protein intake. For these specifications, age effects are also allowed to vary with father's migrant status to allow for changes in the health production function throughout adolescence.
Migration of the father significantly increases calorie and protein consumption for girls, with the opposite effect for boys. While this need not indicate a reduction in total work time for boys (some household activities may be calorie-saving), an increase in work effort for girls is the only way to reconcile these results with the findings for BMI. Of course, effort and time may not be equivalent but, in a model with several forms of household labor, it seems plausible that parents would receive disutility from both child work time and work effort. Estimates for mothers' health and nutrition are imprecise but point towards, at most, modest declines in BMI and nutritional intake (Table 8) . Moreover, the effect is considerably larger for calories than for BMI, suggesting that mothers are reducing their energy expenditure overall.
11 While this, again, is not conclusive evidence of a reduction in mothers' work time, it clearly is not consistent with an increase in mothers' work effort. Thus, changes on the intensive margin, at least with respect to work effort, are consistent with changes on the extensive margins and again point to an increase in children's labor and a reduction in mothers' labor, as predicted by the non-cooperative model. Note also that the effects of migration on child nutrition operate predominantly through age rather than the length of the migration episode, suggesting that, although children of the same gender make similar adjustments on the extensive margin, changes on the intensive margin are more sensitive to productivity, with older girls taking on more work. This pattern also suggests that (endogenous) variation in the duration of migration episodes cannot fully explain the observed changes in time allocation. Moreover, it is clear from Table 7 that mothers do have the scope to adjust children's nutritional intake. That they do so without improving children's health (BMI) again suggests that there has not been a change in spousal bargaining power in response to migration.
Time-varying shocks to the household
The fixed effects estimation strategy sweeps out sources of unobserved heterogeneity that are fixed over time. However, if migration occurs in response to household-specific, time-varying shocks, Notes: robust standard errors reported in parentheses. (*) indicates significance at the 10%, 5% (**) or 1% (***) level.
Includes controls for age of parents, assets owned, household size, parents' wages, month and year of survey, and community-year fixed effects. a Calculated at age 11.
11 For an average-height adult female with BMI in the normal range, a reduction of 100 calories per day, holding activity level constant, would result in an average weight loss of 10 pounds over a year, equivalent to a 1-2 point change in BMI.
fixed effects estimates will be biased. In particular, we are concerned about any such shock that would precipitate migration, reduce mothers' labor hours and increase child labor. Illness or injury among mothers could do so and, among migrant households, 11% of mothers report an illness or injury sometime within the last four weeks, compared to 7.8% of mothers in non-migrant households. However, this difference is not statistically significant, and fixed effects regressions reveal no significant effect of mothers' illness/injury on child labor, even though there is a negative and statistically significantly effect on mothers' time in both household and income-generating activities (not shown).
A negative income shock could also precipitate migration, while causing a reduction in mothers' labor and increase in child labor, but only for household chores, as labor supply in income-generating activities is a common ex post income smoothing mechanism (Kochar, 1999) . That is, with a negative income shock, we should observe a shift from household production to income generating activities, rather than the net reduction in mothers' total labor hours shown in Table 5 . Additionally, there may be shocks that affect both the duration of migration episodes and the intra-household allocation of time. For example, households experiencing negative income shocks may engage in shorter migration episodes as a coping mechanism, while households experiencing positive shocks may migrate for longer periods as part of a long-term strategy. However, neither the "level" effects of migration nor the marginal effects of time away are consistent with simple income shocks under full information, as any income shock induces opposite effects on mothers' labor in the household and in income-generating activities. Even with shocks affecting the productivity of labor, we would still expect to see opposite responses in household work and income-generating work, although the effects may be more muted.
As an indirect test for time-varying shocks associated with migration, we can examine the same labor supply decisions among households who have also self-selected into migration but are not being "treated" at the time of the survey (i.e., the father reports being away for at least one month in the previous year but also reports residing in the household for the entire week preceding the survey). Results presented in column II of Table 9 indicate no significant effect of migration on either mothers' or children's household labor when migrant fathers are present. The point estimates are much smaller in magnitude and, in fact, tend be opposite in sign (estimates for specific household chores, not shown, are very similar in sign and significance), compared to the base sample. Moreover, the duration of the migration episode has no significant effect on time allocation, once the episode is complete. Of course, this does not rule out the possibility that the migration episode was sufficient to smooth consumption, in which case any unobserved household-specific time-varying shocks would not have lasting effects on mothers' and children's labor supply once the father has returned home. However, these results do suggest that the estimated changes in labor supply are related specifically to absence of the father, rather than just the choice to engage in migration. As there is little to no scope for non-cooperative behavior when the migrant is residing at home, the difference between these estimates and the main results described above provides suggestive evidence of non-cooperative behavior, in addition to validating the fixed effects estimation strategy.
Non-enumerated household tasks
The time allocation module of the CHNS includes only three specific household chores: laundry, food preparation and food purchase. It may be the case that fathers engage in other household activities that are not enumerated, and migration forces mothers to substitute into these tasks while children substitute for mothers in the enumerated household tasks. To investigate this, I utilize an alternate sample of households in which fathers experience an illness or injury sometime in the four weeks preceding the survey date. If wives of migrants reduce time in laundry, food preparation and food purchase in order to substitute for husbands' time in other, non-enumerated activities, the same reduction should be evident when husbands' household labor is reduced by illness or injury. Moreover, because illness and Notes: robust standard errors reported in parentheses. (*) indicates significance at the 10%, 5% (**) or 1% (***) level. Includes controls for own and husband's age and wages, assets owned, household size, month and year of survey, and community-year fixed effects. injury are largely unanticipated, it will be even more difficult for the household to seek alternate smoothing mechanisms, and changes in time allocation should be even more pronounced for this sample than for migrant households. Estimates in Table 9 (column III) indicate that mothers' participation in the three enumerated chores is essentially unchanged when the father is debilitated, and point estimates are very small in magnitude and not statistically significant (estimates for specific chores are very similar and not shown here). For both boys and girls, the probability of doing any household chores is increased by illness/injury of the father, although estimates are quite small in magnitude and not statistically significant. There is, however, a positive and statistically significant effect on food purchase for both boys and girls (not shown), which is precisely the chore that fathers report most frequently. Of course, illness and injury affect other aspects of the intrahousehold allocation process as well. However, the large majority of illnesses and injuries appear to be temporary; less than 30% are reported as "quite severe" (versus "not severe or "somewhat severe"), and only one-third report being debilitated for more than two weeks. Temporary conditions are less likely to affect consumption and allocation patterns via income or household bargaining, given sufficient access to smoothing mechanisms. Still, fathers who are temporarily debilitated can, in many cases, continue to engage in childcare, whereas migrant fathers cannot. If housework and childcare are complements, the changes observed for the migrant sample may simply reflect the fact that mothers must include children in household chores in order to provide the necessary amount of childcare when the father is absent. Under this hypothesis, children of both genders should be equally affected, assuming boys and girls of the same age require the same level of supervision. However, I find that migration affects time allocation for boys and girls differentially, both within and across chores. Thus, while the absence of the father clearly necessitates some reallocation of time, neither the presence of unenumerated chores nor the complementarity between household chores and childcare can fully explain the observed effect of migration on mothers' and children's time allocation.
Selection on propensity to cooperate
To determine the generality of the main results, I further restrict the sample of migrant households to those in which the father migrates in multiple survey periods. If migration is less likely to occur in households with strong tendencies towards non-cooperation, households in the restricted sample should exhibit a lesser degree of non-cooperative behavior and therefore smaller changes in time allocation. In fact, we see the opposite (column IV, Table 9 ); the negative effect of months away on mothers' household labor is statistically significant and nearly twice as large. Estimates for children are lacking in precision, as they are for the main sample, but display the same sign pattern and are similar in magnitude (estimates for specific household chores are similar and not presented here). Taken together, these findings suggest that repeat migration may, in fact, increase the scope for non-cooperative behavior.
Relaxing the assumptions of the model
The utility received from certain goods may depend upon the time spent physically in the home, leading the same individual to have different preferences when he/she is home and away. Allowing for this possibility does not alter the theoretical implication that mother's household labor should increase in the event of migration (see Technical appendix). Intuitively, this is because migration increases income and consumption of private goods, and the household re-optimizes by shifting labor hours away from market activities and towards household production. However, with the migrant away and unable to engage in household production, mothers' time allocation is the only margin available for adjustment. Even allowing children to engage in market labor, migration still leads to an increase in mothers' household labor, as long as child labor yields greater disutility to each parent than does his/her spouse's labor. For the same reasons, allowing market goods to either substitute for or be used in the production of household public goods also does not change the main theoretical implication. Market substitutes may allow for a decrease in mother's household labor, but an increase in mother's household labor should, nevertheless, always precede an increase in child household labor. Allowing borrowing/saving in the model would relax resource constraints, assuming market substitutes for household production are available, permitting a reduction in labor hours for both mothers and children as they utilize the migrant's future earnings to offset the current reduction in his household labor hours.
Allowing for complementarities in the household production function also does not affect the main implications of the cooperative model, as long as the complementarities are relatively weak (see Technical appendix). Specifically, if mothers and fathers are strong complements in the household production process, it is possible that migration of the father can lead to a reduction in mother's household work. Unfortunately, the CHNS data are not sufficiently detailed to permit direct estimation of the production function, although descriptive statistics can provide some suggestive evidence. In non-migrant households, roughly 50% of fathers report doing any of the three enumerated chores compared to 97% of mothers (see Table 3 ). Even for the task that fathers participate in most frequently, purchasing food for the household, only 41% of fathers engage in this activity compared to 61% of mothers, and in only 21% of households do both parents report doing this task. These numbers do not point to strong complementarities in household production; moreover, when the father migrates, food purchase is the one chore for which mothers' time allocation is unaffected. For food preparation, there may be more evidence of complementarity: 20% of mothers and fathers report doing this activity jointly, while only 4% of fathers report doing the activity alone. However, food preparation is the one chore for which migration has no significant effect on children's time allocation, which suggests that complementarities in household production cannot explain the main results.
Conclusion
Non-cooperative behavior among spouses is common in anecdotes but difficult to identify in typical survey data. In this paper, I use the incidence of migration to examine such behavior. Migration by one spouse presents a clear opportunity for non-cooperation by introducing imperfect monitoring and increasing the transaction costs associated with enforcing a cooperative equilibrium. I find evidence of non-cooperative behavior, even after accounting for household and child fixed effects, as well as time-varying local economic shocks. Husbands may be able to account for the information asymmetry and achieve cooperative arrangements that are incentive-compatible, but the observed outcomes still reflect the scope for non-cooperation. In particular, the burden of household production is partially shifted from mothers to children when the father migrates. Calories and protein are also redistributed, in order to maintain observable health outcomes. This may be done either to limit the probability that non-cooperative behavior is detected, or because of parents' joint preferences for child quality/health.
The observed changes in household labor are not consistent with a simple reallocation of time in order to compensate for the father's absence, nor are they consistent with a pure income effect. Migration of one spouse in an environment of perfect information should not induce an increase in child labor without a corresponding increase in mothers' time in either household production or income-generating activities, given some basic assumptions about preferences. The changes in time allocation are also inconsistent with an increase in mother's bargaining power, given the stability in children's health and schooling. The conclusion of non-cooperative behavior -either in equilibrium or simply as a threat -is robust to alternative interpretations:
(1) time-varying shocks to the household that precipitate migration and/or affect the duration of migration episodes, (2) an increase in the demand for mothers' time in non-enumerated household tasks, and (3) self-selection of migrants on the propensity for non-cooperative behavior, as well as to relaxing assumptions about the utility and production functions.
Increasing opportunities for international migration will exacerbate informational asymmetries. To the extent that this information problem constrains the allocation of remittance income, noncooperative behavior may generate inefficiencies in investment and hinder growth. Future research should consider the effect of non-cooperative behavior on a broader range of allocations which have more direct implications for economic growth (e.g., schoolingrelated expenditures and investments in income-generating activities), as well as the scope for non-cooperative behavior on the part of the migrant. 
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